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v

NATIO$ALADVISORYCOMMITI’EEFOR
*

w RESEARCHMEMORANDUM

TESTSAT MACH NUMBER 1.62 OF A

AERONAUTICS

SERIES OF

MISSILE CONFIGURATIONSHAVINGTANDEM

CRUCIFOIWLIl?TINGSURFACES

By Carl E. Grigshy

SUMMARY

An investigation at a Mach number of 1.62 was made in the Langley
g-inch supersonic.tunnel.of a series of missile configurations having ““

-.? tandem lifting surfaces of low aspect ,rati.oa-ridof newly equa”lspan.
Some of the variables hm-h~gateil w-= int=Q4.~atiOn ~W@ej ~W and “~
tail plan form, and longitudinal location of wing with respect to tail.
A~& confi~ations were tested through anangle-of-att,ack range from

. .

& -5 tf? 15 at roll angles of 0° and 45°. Lift, drag, and pitching-
moment data are presented, together with center-of-pressurelocations
and tail-lift efficiency factors.

:,
.

INTRODUCTION

As part of a missile development program, an investigation has __
been made in the Langley g-inch supersonic tunnel of a nu.kberof mis-
sile configurations. Breakdown tests were made on a tozal of ten con-
figurations comprising ,cornbinationsof five wings and six tails at 0°
and 45° angle of roll. For each configurationfi$ests were made with
two longitudinal wing locations relative to the tail and with wings iri -
line and interdigitated 45° with respect to the tail., In order to
expedite release of these data, no analyses of re’suitsare presented.
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maximum cross-sectional area of

naximum body diameter

radius

distsnce from nose of body

angle of attack

engle of roll of model relative

m

s

d

r

x

a

~

body
—

——

—
...—

—
——

tq angle-of-attack plane,
—

psitive when model, viewed.fro-mrear, is rotated clocbise
(@ .00 when opposite tail panels sre in angle-of-attack
plane)

.—-..:
L—..r-_

e angle between a plane through opposije tail panels”and a-”p~ne ‘- ‘
through opposite wing panels, pQsitive when wings are rotated

;

clockwise with respect to tails, when the model is viewed . f:
from rear. The angle” G is always less than 900, and its

.,

value appears as the superscript for W in the complete-
—

model-configuration designations.
%
.

*—

To

Po

M

P

v

q

stagnation temperature —. .. —-. =

stagnation pressure ;. 4..,. .—

Mach number .. -
-!

stream density —

velocity

clynamicpressure
()

~v2

T

.—

Reynolds number

lift coefficient

()

Lift
~

—.
.-.

—. .
.& - -,
. : 4 ,-3R

CL —

drag coefficient
()

Drag
qs ●

n——--

pitching-moment (Moment about center ofcoefficient avit
qSd

s ‘)

.

. .



NACA RM L5M15‘1 3

C.p. center of pressure; distance measured in body dismeters from

+ center of gravity unless otherwise specified

l-lt tail-lift efficiency factor

B configuration

BT configuration

BW ‘ configuration

BWT configuration

Subscripts:

of

of

of

of

body

body and tails

body and wings

body, wings, snd tails

1,2,...6 refers to a-particular wing or tail
and 2)

F wing in
..F

min minimum
... .

forwsrd location

.4
R wing in rear location

.

a slope

Superscripts:

of coefficient curve referred

Numerical superscript for W gives value of

APPARATUS AND MODELS

plan form {see figs. 1

to angle of attack

El. (See definition of 0.)

The Langley g-inch supersonic tunnel is a closed-return, direct-
drive type in which the pressure and hmidity are controlled. The test
Mch number is varied by means of interchangeable nozzle blocks forming
test sections approximately 9 inches squsre. Eleven fine-mesh turbulence-
damping screens are provided in the settling chaniberahead of the nozzles.
During the tests the smount of water vapor in the tugnel air was kept
at sufficiently low values so that the effects of condensation in the

a’ supersonic nozzle were negligible.

A drawing of the models showing the relative locations of the wings
and tails is presented in figure 1. A detailed drawing of the wings and

4 tails is give~ in figure 2, &d the principal dimensio& and areu-are
r.--—
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given in table I. It should be noted that”the I/l““and T1 surfaces

differ from the W2 and T2 surface~only ii the t“bicknessr“atioand

, .4

.-
V

leading-edge bevel. —.— .-..:;

The sting and sting-windshield arrangement used in these tests .is
shown in figure 3. At each angle of attack, the modely sting, end gting
windshield were translated across the tufiel so that-a fixed point on
the model could be kept on the center line”of the tunnel. By use of
this arrangement, configurationswhich at 0° angle of attack were free.
from shock reflections could be tested through the whole angle range
Of’*@* Throughout the tests the gap between the rear of the model
and the movable windshield was maintained at less than 0.010 inch.

TEST METHODS

Measurements of lift, drag, and pitching moment-were made by means
of external self-balancingmechanical scales through an angle-of-attack
range of -~o to 150. An optical system tiploying a small mirror mount*
in the rear of the body was used to meastie angles o-f”attack. Measure-
ments were made of the pressure in the sting-shield-&d-balance enclosing
box, which tests have shown to be equal to the model base pressure, and
the drag results were corrected to the condition of base pressure.equal
to stream pressure. ,. ._

The test conditions were as follows: ‘
-.. .-.

.—
—
—

-.
. .

. ““:=

--

*. -.

*-.

——

— .=
.. .

M . . . . . . . . . . . . . . . . . . . . . . . . . .“. . . . . . .1.62

‘To,W. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .:IOO

Pojatm u ● ● ● ● .*,s ● c “ “ ● “ ● ● c’= “-” ● ““” ● ● ● c ~ c

~ ._ -. ..=._:

q,lb/aqft . ... . . . . . . . . . . . . . . . . . . . . . . . .@

R, per inch . . . . . . . . . . . . . . . . . . . . . . . 0.34$ x 106

PR.WISION OF DATA

..=.—..

The precision of the data”has been evaluatedby estimating the -
uncertainties in the balance measurements involved in a given quantity
and combining these errors by a method based on the theory of least
squares.

..
.

_..-

.. .—.-—.
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A summary table of precision estimates follows:

coefficientjCL . . . . . . . . . . . . . . . . . . . ..@.00P4

COeffiCient)cD . . . . . . . ... . . . . . . . . . . .. +0.0033

Pitching-moment coefficient, Cm . . . . . . . . . . . . . . . . *0.035 “-

Angle ofattack, a.... . . . . . . . . . . . . . . . . ..*O. O1°
Machmmber,M . . . . . . . . . . . . . . . . . . . . . . . . *0.01

The precision of the calculated quantities - center-of-pressure location
and tail efficiency - which were obtained from faired curves varies with
each configuration and with angle of attack. Because these quantities
are obtained by division, the errors would be largest in the,low-angle-
of-attack range. The errors are not as great at 0° angle of attack,
however, because slope values were used in the computations. Thus, the
greatest doubt exists in the shape of the curves between 0° and 4° angle
of attack. “

PRESENTATION Ol?DATA

The basic lift, drag, and pitching-moment data are presented in
figures 4 to 20. The pitching-moment coefficients are referenced to .
the center-of-gravity location shown in figure 1. As an aid in locating
the figures, they are listed in table 11 in order of presentation. The
lift and pitching-moment slopes at 0° angle of attack, together with
the minimum drag coefficients for all configurations, are summsrized in
table III. Although the data are presented without analysis, they have -
been reduced to show the variation of center-of-pressure location and
tail-lift efficiency factor. These results are shown in figures 21 to 3i. ‘-
The tail-lift efficiency factor qt was obtained from the lift results

as follows:

Tt =
C%.m- C%w’

C%r- %
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The center-of-pressure characteristics of the increment~l wing lift sre -
—

presented in figure 32. The location of the center of pressure of the
,.

lift due to &dding the wing is obtained from the relation
.=._
—

‘

C.-P*=
C%w -“c% .,.;.
cLBW - ~% -:

—

Iangley Aeronautical hboratory

—

National Advisory Committee for Aeronautics z
Iangley Field, Va.

—
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—
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TABIZ I.- MOJIEEDIM31iSIOIE

I

L.l?. T.E.
weep aweep
(deg) (deg)

Total

R’)
Root
chord
(bl.)

Tip mlicknerm
chord ($ root
(in.) chord)

Plan form

+

o 0

0 0

2.00 I 1.30 I 2.00 1.302.OCJ 1.00
,

2.00 1.30 2.00 1.30W2 and T2 2.00 1.00 1.00 I 3
I I I

3.cQ 1.95 1.33 .87

t=

‘3

W3

T6

010 2.00 1.X 1.50 I 2

I

+

.52 6

.62 5

0 3

2.00 .52

.62

I I ‘--- I ----
---- ----

++- 2.83

i-

0 -57

57 0

2.00 1.00W4 and T4

---- .65 ---- I 2.601.00W3 and T
5

2.00

‘3
is a strut-auypm’tedring of 2.00-inchdiameterand 0.52-inch chord. (See detail on fig. 2.)

Fm3elage ordinates:

Station 0t03.125 . . . .. a.. .
r= 14ii%(*rl

Station 3.125 to 9.COO . . . . . . . Constant diameterof 0.700

-1
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TABLE II.- INDEX OF ~I@JRES “
.

...

Iegend

Detail of models.

Detail of wings and tails.

Model installation in tunnel.

Lifi, drag, and pitching-moment

Lift, drag, md pitching-moment
combinations of B and T.

Lift, drag, and pitthing-momem
combinations of B and W1.

Lift, drag, and pitching-moment
combinations of B ~d W2.

List, drag, and pitching-m@ent
ccmibinationsof B and W3.

Lift, drag, and pitching-moment
comhinations of B and W4.

Lift, drag, and pitthing-moment
combinations of B, and W5.

Lift, drag, and pitching-moment
combinations of B, Wl, and

Lift, drag, and pitthing-momerk
combinations of B, W2, ma

Lift, drag, and pitching-moment
combinations of B, W3> and

Lift, drag, and pitch.in&nomept
combinations of B, W4, and

Lif’t,drag, and pitching-moment
combinations of B; W5, and

Lift, drag, and pitching-momht
cont)inationsof B; w~,.W

#

.— ----

c@qacteristics ‘ofbody alone.

chqacteristics of model

characteristics of model

characteristics of model

characteristics of model

.-

chaTagteristics of model
.:.

cl+aracteristics of model—

,.

characteristics of model
T1.“;

characterititics0? model -,
?+: ‘

-.
char~cteris.ticsof model
T2. ~ —

cha&teri.s~$c~ of model
T4. ‘

chz&icteristics of.nmdel
T4.- “.

ctiicteristii% of”modei -” ‘“-

T5. -
‘=ZS=

——

,
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Fig&e

17

18

19

20

21

22

23

25

26

27

28

29

b
30

TABLE II.- INDEX OF FIGURES - Continued

9

Legend

Lift, drag, and pitthing-moment
combinations of B; W2, and

Lift, drag, and pitthing-moment
combinations of B, W3, and

Lift, drag, and pitthing-moment
combinations of B, W2, and

Lift, drag, and pitchfng-moment
combinations of B, W3, and

characteristics
T3.

characteristics
T3.

characteristics
T6.

chsracteristics
T6.

of ?nc@el

of model

of model

of model

Center-of-pressure characteristics and body-wing-tail inter-
ference ~actors for cotiigurations hatiti WI ~d TI.

Center-of-pressure characteristics and body-wing-tail.inter-
ference factors for configuxations hating W2 and T2.

Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations bavi~ W3 and T2.

Center-of-pressure characteristics -andbody-wing-tail inter-
ference factors for configuyations having W4 and T4.

Center-of-pressure characteristics and body-wing-tail inter- ‘
ference factors for configurations having W~ and T4.

Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having W5 ~d T5.

Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having W2 and T3.

Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations hatiw W3 -d T3.

Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having W2 and TG.

Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having W3 and TG.

~ “ “-”- -
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TABLE II.- INDEX OF FIGURES - Concluded
—

Figure !
●.–

Legend

31 I Center-of-pressure characteristics of the body and BT
configurations.

.-. ..

--—

32 Center-of-pressure characteristic~ of the &cre~~al w- - “
%Bw - Cq

lift,
—

:.
‘LBw -c%”

-- ‘- - :

—. —- —

—

t:
. . —.. —..—

.-

<“-

a
-.

.-

1
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TABLE III.- SUMMARY OF RXSULTS

11

()c%L-(kc
d=o”

C%inSonfiguration
;=0450

------

d=oo fj=(y @ = 450

------

-1.060

-1.007
-1.843
-.523
-.463

-1.173

0.438
-Oofi
.420

-.05k
.511

-.041
.323
.074
.253

0

0.095

-.364

-.451
-.925

0.179

-.305

-.382

-.905

0.395

-.123

-.235

-.813

0.0410 0.087 0.170B

-10082

-1.007
-1.@~3

-.523
-.490

-1.173
—.

0.415
-.058
.429

-.069
.511

-.025
.309
.062
.265

0

o.26io

.2425
● 3530
.1623
.1485

.2640

0.251P

.2425

● 3530
.1623
.1485

.2650

0.2560

.2650

.2590

.2660
“ .2965
.2890
.1535
.1535
.1575
.1545

0 ● 397
.200
.475
.178
.140

.2go

o ● 397

.200

.475

.178

.140

.328

0.2625
.2650
.2590
.2660
● 2955
.2890
.1535
.1535
.1590
.lXO

0.458
.445
.270
.270
.300
.272
.248
.226
.210
.195

0.458
.445
.270
.258
.289
.262
.248
.226
.210
.195

0.605

.600

.600

.595

0.605

.600

.600
● 595

0.058

-.430

-.439
-.962

0.3240

.3225

.4125

.4185

0.3240

.3205

..4125

.4185

BW=%2

BW#T2

BW=45T2

BW~4%2

0.380

.370

● 375
.360

0.3110

.3CX)0

.4010

.4090

0.372

.370

● 375
.360

0.059

- ● 339
-.382

-.905.

0.3110
.3100

.4010

.4ogo

BW#T2 0.3080

.3080

.4200

.4300

0.3080

.3080

.4200

.4300

0.400

.385

● 397
.380

0.400

.385

● 397
.380

0.395

-.123

-.235

-.813
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TABLE III.- SUMMARY OF RESUIk!S- Concluded “
.....

. (dc C%in c% L-OConf@rat ion
@ = 00 7=0450 @=(Jo ff = 450 $=0” @ = 450

Bw4#T4 , 0.2210 0.2140 0.330 0.330 -0.030 -0.030

Bw4@k .2220 .2140 .310 ● 310 -.275’ -.257

BW4F4%4 .2505 .2505 .328 .328 -.252 -.229
BW4R4%74 .2495 .2495 ● 310 .315 -.483 -*483

BW+~ 0.2305 0.2255 0.295 0.280 -0.110 -0.086

Bw5#%4 .2245 .2245 .275 .275 -● 375 - ● 357
BW~45j4 .2610 .2610 ● 293 .293 -.303 -.303

BW~45T4 .2590 .2590 .275 ‘ .275 - ● 555 - ● 555

BW#T5 0.2050 0.2020 o.2@ 0.260 -0.037 -0.030

BW+5 .2045 .2005 .250 .245 -.339 -.248

BW~45T5 .2400 ● 2400 ● 268 .268 -.262 -.246
BW~4%5 --- ,2385 .2385 .260 .243 -.529 - ● 494

B@T3 0.4015 0.4015 0.655 0.655 -0.538 -0.538

BW#T3 .4115 .4115 .633 .633 -1.101 -1.101

BW=%3 .*25 .4425 .652 .652. - ● 759 -.786

BW&3 ● 4520 .4520‘ .640 .640 -1.308 -1.289

BW3F%3 0.4135 0.4135 0.680 0.680 -0.250 -0.274

BW&T3 .4205 .4205 ● 662 .662 -.886 -.886

BW3#%3 .4470 .4470 .675 .675 - ● 533 -.521

BW~4%3 , .4715 .4715 .668 “ :668 -1.181 -I..181

BWW45T6 0.4450 0.4450 0.458 0.458 -0.658 -0.658

Bw#r6 .4440 .4440 .445 .445 -1.157 -1.157

Bw~45T6 0.4615 0.4615 0.485’ 0.485 -0.542 -0.521

Bw#+5T6 .4740 ● 4740 .468 .468 -1.111 -1.111

.-

.—

.

7

x“

—

-. —-.

. -----
.. —=

● ✿✍✎

... .---- ---, —-

.

.—-
t I
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I
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—

I
I
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I BWIOTland B~0T2
I
I

~. ‘12,9+ 11-----:yll
r

——— — —.—.

11
-———— J I

,

—

+

+—

1-
1

for;Ilmodels

II N
I

r
[---:~ = t .07
I I

mO Diam— —

‘@

+–

I

—— ___ 1
1

I

---1-
1 —

I
1

—— —-— A

I BW30T3

.

Bw,*T6 .

I

@
+–

I

Figure

~

1.- Detail of models.
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L
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/

3.20 .J!ffjj’” ‘ ~

—
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+–
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I

—

.

I

—

+
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i
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— +—

I
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Figure 1.- Concluded. :
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l-1.ao-q

+3
.19 7

2.00

--=% ‘“

/9

t-’--l

*

.13 -r2.00

- +-

.[3

W3

I

—

+

+–

4 -+-
1

w4, W5,T4,andT5

I

—

+

+–

W2 andT2

SectionA-A SectionB-B
P% I

‘- -H-H-I ‘H+H–

‘r3

15

-+-

+–

I

Figure 2.- &tail of wings and kib .
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L
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16
w
,

14

K
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B

CL
.6

.4

2

0

-2

-.4

L2

.8

.4
cm

o

.8

.6

5

.4

.3
c

2

J

o

‘D

.—

.

-.

.—

Figure 4.- Lift, drag, and pitching-moment characteristics of body alone.
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-6 14
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-6 -4 -2 0 2 4 6 8 10 12 14 16 0

-1 I
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-12
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-14
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CC , deg

(a) BT~.
—

Figure 5.- Lift, drag, and pitching-moment characteristics of model
combinations of B and T.
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44

40

36
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(b) BT2.

Figure 5.- Continued.

)



20

68

52

40

4.4

40

‘ 36

32

20

1.6

1.2

B

.4

0

-.4

-.6

4.2

-1.6

-25

..- NACA RM L~lJl~

10

6

6

4

2

0

-2

cm
4

-6

-6 2.0

-10 Is

-12 1.6

-14 M

46 L2

co

-18 Lo

-20 .2’

-22 .6

-24 .4

2

0

CO, deg

(c) BT3. . :

.“:

Figure ‘j.- Continued.
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